Abstract: Owing to improvements in its mechanical properties and to the availability of shade and translucence resources, resin composite has become one of the most widely used restorative materials in present day Dentistry. The aim of this study was to assess the relation between the surface hardness of seven different commercial brands of resin composites (Charisma, Fill Magic, Master Fill, Natural Look, Opallis, Tetric Ceram, and Z250) and the different degrees of translucence (translucid, enamel and dentin). Vickers microhardness testing revealed significant differences among the groups. Z250 was the commercial brand that showed the best performance in the hardness test. When comparing the three groups assessed within the same brand, only Master Fill and Fill Magic presented statistically significant differences among all of the different translucencies. Natural Look was the only one that showed no significant difference among any of the three groups. Charisma, Opallis, Tetric Ceram and Z250 showed significant differences among some of the tested groups. Based on the results found in this study, it was not possible to establish a relation between translucence and the microhardness of the resin composites assessed. Depending on the material assessed, however, translucence variation did affect the microhardness values of the resin composites.
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Introduction
Resin composite is one of the restorative materials most widely used in present day Dentistry. This is mainly due to three factors: the first one is adhesion to tooth structure, the second is the improvement in its mechanical properties and the third reason is the availability of shades and translucence options that provide almost unlimited possibilities for this material to imitate the tooth.
Among the most studied mechanical properties are flexural resistance and hardness, because they approximate the forces involved in mastication and those supported by the material. Various authors have shown that these are related to the characteristics of the organic matrix, the percentage volume and the type of load.
Tooth shade is given by the color and translucence of the tooth enamel and the color of dentin. With the purpose of increasingly imitating the dental pattern, highly translucent resins have been launched, and these are used in the incisal third of an anterior restoration, or to cover the last layer of a posterior reconstruction, which results in the material receiving intense masticatory load. It is not stated in the literature whether, within one and the same commercial brand, translucent resin supports the same load as does resin for enamel and for dentin.
The authors were interested in finding out whether a resin composite of the same commercial brand is altered by the use of translucent composite for finishing the restoration. The aim of this study was to assess the relation between the surface hardness of seven different commercial brands of resin composites with different degrees of translucence.
Material and Methods
Seven different commercial brands of resin composites were tested. Of each brand, 3 shades were 
Surface hardness test
A Teflon matrix 5 mm in diameter and 2 mm in thickness was used to make the test specimens. A glass slide (used in optic microscopy) was placed on a flat surface, and on top of it, a polyester strip. The Teflon matrix was placed on the polyester strip and filled with resin composite, and on top of that, another polyester strip and another glass slide were set. Digital pressure on the glass slide guaranteed that a smooth flat surface was obtained. The resin composite was light activated in the center of the sample for 40 seconds on each of its two surfaces through the glass slide (JetLite 4000 Plus, J. Morita USA Inc., Mason Irvine, CA, USA). Five specimens were made of each material. The specimens were then stored in distilled water at 37°C for 7 days.
Microhardness measurements on each specimen were made with a Vickers tester (HMV 2000, Shimadzu, Kyoto, Japan) with a load of 50 g for 45 s, using an objective of 50 X. On every test specimen, 5 measurements were made, avoiding the peripheral areas of the sample.
Statistical analysis of the data obtained was performed. The non-parametric Kruskal-Wallis test (significance of 5%) was selected for the analysis because the values did not meet the normality and homogeneity requirements. The test revealed significant differences among the groups. The Mann-Whitney test (significance of 5%) was applied to determine which groups differed among them. The second step of the statistical analysis assessed whether there were differences among the 7 brands of resins. Grouping of the values revealed that they filled the homogeneity and normality requirements, which enabled the ANOVA statistical test to be applied with a significance of 5%. The Scheffe test (significance of 5%) determined the differences among the groups.
Results
The 21 groups of samples were assessed to verify whether there were significant differences. The Mann-Whitney test (significance of 5%) was applied to determine which groups differed among them. The consolidated results are shown in Table 1 .
In Table 1 , it is possible to observe that, within the same commercial brand, only the Master Fill and Fill Magic presented statistically significant differences among the three groups tested (shades: translucent, enamel B2 and dentin B2). Natural Look was the only one that showed no significant differences among any of the groups. Charisma, Opallis, Tetric Ceram and Z250 showed significant differences among some of the tested groups. Comparisons were also made among all the commercial brands assessed. However, there was no homogeneity among the results found. Thus, the translucent Resin composites that did not present statistically significant differences are listed above with the same letter in brackets.
resin presented higher or lower hardness values, depending on the commercial brand in question. The second step of the statistical analysis assessed whether there were differences among the 7 brands of resins. Grouping of the values revealed that they filled the homogeneity and normality requirements, which enabled the ANOVA statistical test to be applied with a significance of 5%. The Scheffe test (significance of 5%) determined the differences among the groups. Graph 1 shows the values obtained in the hardness test for the resin composites assessed.
Discussion
The mechanical properties of a resin composite, considering the material's composition, are related to the polymeric matrix, the inorganic load and the bonding agent. The surface hardness of a composite is determined both by the matrix and the inorganic load, so it is important to assess the properties of these components.
The factor addressed in this research was the relation between translucence and surface microhardness of resin composites. With an increasing demand for esthetics, by both professionals and patients, companies have developed resin composites with options not only of shades, but with a large variation in translucence, in an endeavor to obtain more and more natural results. Nevertheless, professionals are concerned about whether this variation in translucence affects the mechanical properties of the material. It is known that the shade of a resin and the particle size of its load may affect both translucence and the dispersion of light, and consequently the polymerization depth of the composite, 1 which may alter its hardness.
Translucence, even more so than color, may be a limiting factor with regard to the polymerization depth of some resinous systems. 1, 2 Resins with a similar composition may present different hardness values due to their characteristics of being more or less translucent. 3 A more translucent material allows better light transmission from the light polymerizer, which results in a higher degree of conversion and consequently higher hardness. 4, 5 The difference of hardness between bottom and top surfaces is smaller in the more translucent resin composites than in the less translucent materials. 3, 6 Light transmission through darker colors is diminished because of less translucence. 7 In agreement with the data presented by Aguiar et al. 7 (2005) , in the present study, the observed surface microhardness values did not vary significantly as a function of the degree of translucence of the composites. Nevertheless, although there was no homogeneity in the results found, there were statistically significant differences in the surface microhardness results of some of the commercial brands when translucence was a variable. For the composites Charisma, Opallis, Tetric Ceram and Z250, significant differences were observed among some of the resins with different degrees of translucence within the same commercial brand. The composites Master Fill and Fill Magic presented significant differences among all the different translucencies assessed. Whereas the Natural Look resin was the only one that showed no significant differences among any of the different degrees of translucence ( Table 1 ).
The differences observed in the microhardness test results presented by composites of the same commercial brand could be explained by an alteration in composition. The component responsible for the degree of resin translucence is the factor that would have an influence on this result. However, the authors do not know what really differs among the translucent resins for enamel and dentin. The majority of manufacturers allege that what is altered is the quantity of inorganic load. But, in the present study, it was not possible to establish a direct parallel between the percentage of inorganic load and surface hardness. Thus, it is probable that the organic component of the resins plays a decisive role in this property. Many authors allege that the degree of translucence of a resin composite may interfere in adequate polymerization of the material. 1, 6, 8 Nevertheless, according to the data found in the present research, whether or not a resin composite is translucent is not a determining factor in the surface hardness result. If this were so, translucent composites would present better results in the microhardness test. But in the present study, only the Charisma presented a higher hardness value for the incisal shade, in comparison with the resin samples within the same commercial brand. Among the other commercial brands, the incisal shade sample presented a lower (Fill Magic, Master Fill, Natural Look, Opallis) or intermediate (Tetric Ceram and Z250) hardness value when compared to the enamel and dentin shades. Thus, the supposition that translucence would be a determinant factor in a resin composite's microhardness was not confirmed.
In the present study, the test specimens assessed were 2 mm in thickness. Although some authors 1, 2 have demonstrated that the hardness assessed at depth underwent alteration as a result of shade or translucence, Martins et al. 9 (2002) and Santos et al. 10 (2000) related that there was no difference in microhardness in the first 2 mm of resin composite depth as a result of change in shade. That is why the authors decided to assess surface hardness only. Moreover, in a resin composite restoration using the direct technique, the recommendation for attaining adequate polymerization is to work with increments of up to 2 mm. It is important to note that, in this study, the composite was cured through the polyester strip and received no further surface treatment. Some studies 11, 12 relate that there is a resin-rich surface layer when the polymerization occurs through a polyester strip and it would result in a lower surface hardness. However, Park et al. 13 (2000) related that after 6 days of the polymerization there is no difference between polished and polyester strip-finished surfaces in Vickers microhardness.
A resin composite's hardness depends on how the organic matrix is formed, 14 and on its density and structure. The polymeric matrix is formed through the conversion of the double carbon bonds of monomers into covalent links, forming polymeric chains. The degree of conversion of a resin composite depends on the type of monomer and the quantity of photoinitiators present, and has a direct influence on hardness. A greater degree of conversion is commonly associated with a greater degree of hardness. 15 Some researchers have related that the hardness test can be used as an indirect method for assessing the degree of conversion of resin composites: the greater the degree of conversion, the greater the hardness. 16, 17 Nevertheless, hardness values cannot be used to compare the degree of conversion among different composites, since the results depend largely on the composition of the material. 8 The type of polymeric chain that is formed after polymerization affects hardness. The mechanical properties are dependent on the formation of crossed chains, which does not necessarily indicate the degree of conversion of a resin. 18 Different monomers present particular characteristics and different properties. It is known that there are variations among monomers as regards hydrophilia, degree of conversion and capacity to form crossed chains during polymerization. Among the composites assessed there was little variation in the organic matrix composition. The exception was Z250 that had no TEGDMA in its composition. TEGDMA is a low-molecular-weight monomer, whereas UDMA and BisEMA have higher molecular weights. All of them are dilutant monomers of BisGMA, present in all the resins assessed.
Some authors affirmed that the quantity of load is directly related to surface hardness. 16, 17, 19, 20 The greater the percentage volume of the load, the high-er the hardness. 21 Nevertheless, in the present study the data found are contrary to this evidence and are in agreement with the results found by Mandikos et al. 14 (2001) . The greater hardness of Z250 cannot be explained by the high percentage volume of the load in this material. Charisma presents a higher percentage volume (61%) and Tetric Ceram has a value equal to that of Z250 (60%). However, the hardness values presented by these two resin composites were significantly lower than those of resin Z250.
The materials assessed differ both in their organic and inorganic compositions, which makes it difficult to compare the results among the tested commercial brands. 15, 17, 20, 22 
Conclusion
Based on the data found in the present study, it was not possible to establish a relation between translucence and the microhardness values of the resin composites assessed. Depending on the material assessed, however, translucence variation did affect the microhardness values of the resin composites.
